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E-mail address: jaakko.saraste@biomed.uib.no (J. SThe intermediate compartment (IC) between the endoplasmic reticulum (ER) and the Golgi appara-
tus appears to constitute an autonomous organelle composed of spatially and functionally distinct,
but interconnected, vacuolar and tubular subdomains. In mammalian cells the IC network is stably
anchored at the cell center, communicating directly with the endocytic pathway via a pericentros-
omal membrane system (PCMS). This ﬁnding suggests that the secretory pathway divides at the level
of the IC, which functions as a sorting station both in Golgi-dependent and -independent trafﬁcking.
The tubular subdomain of the IC is capable of expansion in accordance with its proposed biosyn-
thetic functions such as cholesterol synthesis.
 2009 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
The secretory pathway was originally described as a transport
system that delivers newly synthesized soluble proteins from the
endoplasmic reticulum (ER) via the Golgi apparatus and post-Golgi
carriers to the cortical region of the cell, where they are released to
the extracellular space by exocytosis [1]. Subsequent studies have
established that cells also manifest various exocytic processes that
typically do not involve regulated or constitutive protein secretion,
but instead the directed transfer of individual membrane compo-
nents or patches to speciﬁc regions of the plasma membrane
(PM), leading to its local reorganization or expansion [2]. Such
polarized exocytic events, which frequently involve Golgi reposi-
tioning, play an important role during neurite outgrowth and the
formation of ﬁlopodia and lamellipodia by migrating ﬁbroblasts
[2–4]. They also operate in phagocytosis and cytokinesis, and evi-
dently also contribute to the development of invadopodia, special-
ized membrane protrusions found in tumour cells [5–7].
How the above exocytic processes relate to the classical post-
Golgi secretory pathways has remained unclear [2]. Namely, some
of these events do not seem to require an intact Golgi apparatuschemical Societies. Published by E
recycling compartment; IC,
, pericentrosomal IC; PCMS,
araste).and bypass the trans-Golgi network (TGN), from which different
exocytic carriers are thought to originate [2,8–12]. Instead, the
endosomal system, in particular the endocytic recycling compart-
ment (ERC; also referred to as the recycling endosome, RE), is
emerging as the principal site for the formation of transport inter-
mediates that support e.g. cell motility, neurite outgrowth and
cytokinesis [13]. The ERC is a long-lived, tubulovesicular compart-
ment that typically associates with the microtubule-organizing
center (MTOC)/centrosome. Its important function is to recycle
internalized lipids and proteins, such as the transferrin receptor,
back to the PM [14]. Thus, an additional key role of this organelle
turns out to be the delivery of membrane components to PM do-
mains that are subject to dynamic reorganization [15]. Surpris-
ingly, the ERC and ERC-derived carriers harbour transport
machineries that were initially assigned to the TGN and post-Golgi
secretory vesicles. These include Rab11, Rab8 and the exocyst, a
multi-subunit tethering complex, which interacts with these GTP-
ases and operates in many of the above processes by recruiting
exocytic carriers to areas of active membrane remodeling or
growth [16–18].
Numerous newly synthesized proteins also pass through the
ERC en route to the PM [13,19–21], raising the question on how
this compartment interfaces with the biosynthetic-secretory path-
way. In this review, we discuss brieﬂy the development of ideas on
the organization of the early secretory pathway, focusing on differ-
ent views on the operation of the intermediate compartment (IC)
at the ER–Golgi boundary. Strikingly, our recent results show thatlsevier B.V. All rights reserved.
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and tubular domains that constitute a dynamic, but at the same
time permanent, interconnected membrane system [10,22]. Of
particular interest is the ﬁnding that the tubular domain of the
IC, deﬁned by the GTPase Rab1A, is stably anchored in the peri-
centrosomal region, revealing that the centrally located IC ele-
ments communicate directly with the endosomal system via the
Rab11-containing ERC [22]. We propose that this previously unrec-
ognized IC-endosome connection plays an important role in the
transport pathways that support different polarized exocytic
events by allowing newly made molecules to bypass the Golgi
apparatus on their way to the PM.
2. Membrane trafﬁc at the ER–Golgi boundary
Studies of professional secretory cells highlighted the role of
small vesicular or tubular intermediates in transport between mor-
phologically distinct transitional ER sites and the nearby cis-Golgi
elements, establishing a paradigm for membrane trafﬁc [1]. Ever
since, a number of developments have added to the complexity
of the transport events that take place at the ER–Golgi boundary
[23–26]. The ﬁrst was the identiﬁcation of the pleiomorphic IC as
a way station (‘‘intermediate organelle”) in ER-to-Golgi transport
[27]. Besides forward transport and post-translational modiﬁcation
of proteins [28–30], this pre-Golgi compartment was soon impli-
cated in retrograde transport of lumenal ER components [31,32],
and we know now that membrane recycling in this cellular region
occurs both in coat (coat protein I, COPI)-dependent and -indepen-
dent fashion [33,34]. Subsequently, the ﬁrst marker proteins of the
IC – also referred to as ERGIC (ER–Golgi IC) or VTCs (vesicular-
tubular clusters) – rat p58 (Fig. 1) and its human counterpart
ERGIC-53 – were identiﬁed [35,36]. Detailed studies of ERGIC-53
revealed that it functions as a mannose-binding cargo receptor in
ER–Golgi trafﬁcking [26], whereas studies of rat p58 [37,38] and
visualization of ER-to-Golgi transfer of virus proteins in living cells
[39,40] revealed an unexpected topography of this process by
showing that it involves MT-dependent, long-distance movement
of transport intermediates between widespread transitional ER
sites (also called ER exit sites; ERES) and the Golgi region (reviewedFig. 1. Structural and spatial aspects of the IC. Immunoelectron microscopic localization
protein is detected in the rough ER (RER), pleiomorphic vacuolar and tubulovesicular IC
inset shows a p58-positive, vacuolar IC element (diameter of about 200 nm) within the
more details, see Refs. [35,37,38].in Ref. [41]). In parallel with the above developments, different
types of ER-derived carriers have been identiﬁed, of which
COPII-coated, small transport vesicles have been characterized in
detail [42–44].
2.1. Different views of the IC
The above mentioned studies formed the basis for the currently
prevailing model of the IC, stating that it consists of large-sized
transport carriers that form via homotypic fusion of primary ER-
derived vesicles [45], or protrude directly from ERES [44], and then
move along MTs to the cell center where they transfer ER-derived
cargo to the Golgi by fusing with or transforming into cis-Golgi cis-
ternae [24,26,46]. Recently, however, based on studies on the
dynamics of ﬂuorescent variants of ERGIC-53 in living cells an
alternative model has been presented. According to Hauri and
coworkers, the IC represents a collection of tubulovesicular mem-
brane clusters, which reside close to the ERES and communicate
with the ER and Golgi via distinct transport carriers [26,47]. The
basic difference between these models is that the former empha-
sizes the dynamic and transient character of this compartment,
whereas the latter proposes that the membrane clusters deﬁned
by ERGIC-53 represent immobile, stable structures. However, the
attachment of a ﬂuorescent protein to the NH2-terminus of ER-
GIC-53 could, e.g. affect the binding of cargo proteins to the carbo-
hydrate recognition domain, which together with over-expression
leads to the preferential accumulation of the fusion protein at the
peripheral sites [47]. Namely, the p58-containing, large IC ele-
ments also accumulate in the pericentrosomal region [22], indicat-
ing that they are mobile, and both endogenous ERGIC-53 [36] and
p58 [35,37] reach the cis-most Golgi cisterna (see Fig. 1).
Another major discrepancy has dealt with the ultrastructural
organization of the large-sized IC elements, i.e. whether they
correspond solely to clusters of small vesicles and tubules, or
also include a vacuolar component [23–26]. Evidently, the tubu-
lovesicular appearance of the IC predominates in ultrathin cryo-
sections, which display high membrane contrast (see e.g. Ref.
[25]), whereas localization of cargo proteins or p58 (see Fig. 1)
by immunoperoxidase EM – due to lumenal accumulation ofof p58 in mouse myeloma (A and B) and rat pancreatic exocrine cells (A, inset). The
elements at the periphery of the cells, as well as in the cis-most Golgi cisterna. The
RER network of the pancreatic acinar cell, lying next to a mitochondrion (Mito). For
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oles [27,37,38,48]. The latter are also found in rapidly frozen
specimens, indicating that they are authentic structures [49].
Moreover, the size heterogeneity of the p58-containing IC ele-
ments has been ﬁrmly established by analytical differential cen-
trifugation [48], and the vacuolar and tubulovesicular IC
components can be readily separated using velocity sedimenta-
tion [10].
Thus, in spite of progress in the identiﬁcation of the molecular
machineries that operate at the ER–Golgi boundary [42], the nature
of the IC has remained enigmatic, and it is still unclear whether all
eukaryotic cells contain this compartment. The main open ques-
tions may be stated as follows: is the IC composed of transient
transport intermediates of various size and shape – ‘‘cars and
trucks” [50] – to accommodate different types of cargo (e.g. lipo-
protein particles, procollagen, soluble or membrane-bound pro-
teins, or lipids), or does it have its own identity – on top of just
being a carrier – that is, functional features that distinguish it from
the ER and Golgi, its two interacting partners? Since the compart-
mental borders have remained poorly deﬁned, could it be that the
IC carries out or participates in some cellular functions that have
been assigned to the ER or Golgi?
2.2. Novel aspects of pre-Golgi trafﬁcking
The most frequently used IC marker, p58/ERGIC-53, is a trans-
membrane receptor, which continuously cycles between the ER,
IC and cis-Golgi (Fig. 1). Moreover, since this protein is normally
concentrated in the vacuolar and vesicular IC elements, but largely
absent from the extensive tubular domain [10,22,51], it does not
reveal all aspects of IC dynamics. Therefore, our recent studies have
employed the GTPase Rab1, which is speciﬁcally recruited to the
cytoplasmic side of the IC membranes and plays a key role in bidi-
rectional pre-Golgi trafﬁcking [51–53]. The Rab1A isoform pre-
dominantly associates with the IC tubules, but can also be
detected in the vacuoles from which the former protrude
[10,22,51], thus providing a comprehensive IC marker. Moreover,
in brefeldin A (BFA)-treated cells p58/ERGIC-53 redistributes to
the ER and ERES [37,46], whereas membrane recruitment of Rab1A
remains unaffected. This made it possible to demonstrate that in
the absence of membrane-bound COPI coats and an intact Golgi
apparatus the IC continues to act as a connector between the cen-
tral and peripheral parts of the cell [10,22].
Based on our studies on Rab1, p58, and their ﬂuorescent vari-
ants – but also taking into account results obtained with other
machinery and cargo proteins [39,40,44,47,54–58] – we present
here an integrated model of the IC (Fig. 3), which combines earlier
views [23–26,46,56–58] with the recently discovered spatial and
dynamic properties of this compartment [10,22]. Thus far, the IC
has only been considered as a way station in transport between
the ER and Golgi, whereas the present model proposes that it has
a more complex role in the secretory process, acting also as a sort-
ing site in Golgi-independent trafﬁcking (Fig. 3). Moreover, the sta-
ble connections of the IC with the centrosome and the ERC
emphasize that the functions of this compartment are not limited
to transport and sorting, but that it has other roles as well.
Live cell imaging of GFP-Rab1A revealed that two types of mo-
bile IC carriers detach from the ERES; namely, (i) large-sized ele-
ments, which become elongated as they move, and (ii) narrow
tubules, which bud from the more stationary, large IC structures.
The latter most likely correspond to IC vacuoles bound to the Golgi,
since they are enriched in cargo proteins, the cargo receptor p58,
and COPI coats [10,27,37,39,40,49]. In the presence of BFA the bud-
ding of the tubules continues, whereas the vacuoles evidently be-
come arrested at ERES [22]. The MT-dependent, long-distance
movements of both types of carriers are often directed towardsthe cell center (Fig. 3). However, part of the Rab1A-positive tubules
move in the opposite direction, fusing with or interconnecting
nearby, more stationary IC elements, thus creating a dynamic net-
work [10,22]. In addition, some of the tubules move towards the
cell periphery and establish a BFA-resistant, most likely Rab1-med-
iated Golgi bypass pathway between the IC and the cell cortex
(Fig. 3). This bidirectional route operates e.g. between the cell
bodies and the growth cones of polarized PC12 cells, and the per-
inuclear region and the leading edge of migrating NRK cells [10].
It shares similarity to the unconventional pathway described in
budding yeast, which delivers membrane proteins directly from
the cortical ER to the PM [59].
If the mobile IC elements were transient pre-Golgi carriers they
should primarily be targeted to the cis-Golgi. Identiﬁcation of the
pericentrosomal domain of the IC (pcIC), consisting of central vac-
uolar (p58-positive) and tubular (Rab1A-positive) elements which
frequently separate from the Golgi ribbon (Fig. 2), made it possible
to demonstrate that this is not the case. Indeed, the IC carriers orig-
inating at the peripheral ERES move predominantly towards the
separated pcIC, whereas those forming at the numerous ERES sur-
rounding the Golgi ribbon [41] seem to be targeted to the latter
(Fig. 3). Whether the peripheral and Golgi-adjacent ERES are spe-
cialized for the export of different types of cargo remains to be
studied, since viral cargo proteins most likely would not discrimi-
nate between such functionally distinct sites [22]. The possibility
exists that certain key Golgi residents employ the nearby ERES,
whereas molecules that bypass the Golgi may prefer the peripheral
sites. The surprising ﬁnding that the Golgi ribbon maintains its
integrity during centrosome repositioning supports this idea.
Besides shuttling tubules, vesicles or vacuoles (Fig. 3), the trans-
fer of molecules between the pcIC and cis-Golgi (or peripheral
ERES) also involves tubules that establish transient connections be-
tween these compartments. It is possible that the long tubules
extending from the pcIC deliver cargo proteins [22] or p58
(Fig. 1) to the Golgi by co-aligning with the cis-side of this orga-
nelle. This novel transport step most likely depends on the COPI
coats that associate with the pcIC, since both ER-to-Golgi transfer
and BFA-induced backﬂow of Golgi mannosidase II occur via this
compartment [22]. Accordingly, the effect of BFA on Golgi integrity
[33,46] may be expressed both at the level of ER exit and COPI-
dependent pcIC-to-Golgi transport.3. Pericentrosomal membrane system
The separation of the pcIC from the Golgi ribbon (Fig. 2) coin-
cides with the relocation of the centrosome that takes place during
cell migration and at certain stages of the cell cycle. Moreover, its
reversible detachment was observed in interphasic cells [22], most
likely linked to the formation of the primary cilium [60]. Namely,
the pcIC contains the Rab1 effectors p115 and GM130, which has
been implicated in centrosome organization and cell motility
[61,62], and most likely also GRASP65 (membrane anchor of
GM130) and giantin [63]. Further, the use of Rab1 and Rab11 as
markers showed that the pcIC and the ERC co-exist at the cell cen-
ter, maintaining their colocalization during centrosome reposition-
ing (Fig. 3), and increasing their overlap after BFA-treatment. Thus,
these compartments constitute a stable, pericentrosomal mem-
brane system, in short PCMS. Notably, the pcIC and the ERC appear
to share the same transport machineries with the cis- and trans-
sides of the Golgi, respectively.
The close connection of the pcIC and the ERC suggests that they
communicate. These compartments could establish stable mem-
brane contact sites, and the existence of BFA-resistant coats on
the tubules of the PCMS [64] suggests that they are connected
via membrane trafﬁc. Indeed, studies of the cystic ﬁbrosis trans-
Fig. 2. The pericentrosomal domain of the IC. Confocal images of NRK cells constitutively expressing GFP-Rab1A. The cells were reacted with antibodies against c-tubulin (A)
or the KDEL-receptor (B) to label centrosomes and IC/cis-Golgi elements, respectively. (A) In all cells shown, the pcIC has separated from the Golgi ribbon, and colocalizes with
the centrosome below the nucleus (insets) at variable distance from the Golgi. (B) Note the extensive colocalization of GFP-Rab1A and the KDEL-receptor in peripheral IC
elements, in the pericentrosomal region, and in the Golgi ribbon. In addition, many of the tubules extending from the pcIC contain the KDEL-receptor. The antibodies were
kindly provided by Irina Majoul (KDEL-receptor) and Michel Bornens (c-tubulin). Bars: 10 lm (A and inset); 5 lm (B).
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evidence for the operation of the PCMS in bidirectional, Golgi-inde-
pendent trafﬁcking between the IC and the endosomal system [22].
Moreover, Rab1-positive tubules contain HMG-CoA reductase, the
key enzyme of cholesterol biosynthesis, suggesting that they func-
tion in cholesterol transport. Besides employing MT-dependent,
long-distance trafﬁcking of IC tubules [10], cholesterol could move
across the PCMS to reach the ERC, which has been implicated as its
storage compartment [65]. Accordingly, the efﬂux of cholesterol
from endosomes to the PM has been shown to involve pathways
that are regulated by Rab11 and Rab8 [66,67]. Generally, the oper-
ation of antero- and retrograde transport pathways between the
pcIC and the ERC can explain how speciﬁc proteins and lipids can
bypass the Golgi en route to the PM, as well as how certain inter-
nalized molecules, such as growth factor receptors, viruses and
toxins, reach the ER [12,68].
4. Summary and perspectives
In conclusion, recent studies on the IC provide new insight on
the organization of the biosynthetic-secretory pathway. In contrast
to currently prevailing views stating that molecules en route to the
PM are vectorially transported from the ER to the TGN, prior to
their sorting into different exocytic carriers, the model depicted
in Fig. 3 proposes that this pathway bifurgates at the level of the
IC. As a consequence, ER-derived molecules bound to the PM can
follow alternative routes, either pass through the Golgi apparatus
or bypass this organelle. Depending on the cell type, this sorting
activity of the IC can be predominantly expressed at the cell
periphery or at its center. However, it is possible that all eukaryotic
cells exhibit both Golgi bypass pathways, a direct route from the IC
to the PM [10], and another one based on the connection of the IC
with the classical endosomal system [22]. The pathway that is em-
ployed could depend on the physiological conditions or the mole-
cule in question. Besides providing an alternative framework to
consider molecular sorting and trafﬁcking, the model has implica-tions on the biogenesis of the Golgi apparatus and the role of the
TGN [12,19].
Likely candidates to employ Golgi bypass routes are molecules
like cholesterol – as well as many lipids and proteins – which do
not undergo Golgi-speciﬁc processing. However, after its separa-
tion from the Golgi stacks – due to the modulation of the commu-
nication between these compartments – the PCMS could
accumulate sufﬁcient amounts of Golgi glycosylation enzymes to
act as an ectopic site, where the modiﬁcation of certain glycopro-
teins and -lipids takes place. Moreover, the notion that the pcIC
communicates with the ERC is in accordance with the idea that
Golgi-independent pathways play important roles in cell physiol-
ogy. This connection allows the early biosynthetic compartments
(ER, IC) to contribute to many processes, where cells respond to
external cues, reorganize their cytoskeletal and endomembrane
systems and change the physical properties, area, and/or function-
ality of their surface membranes.
The contributions of Golgi-independent trafﬁcking to these pro-
cesses remain to be determined, but are likely to vary. BFA is not
always be a good indicator, since – as observed in the case of trans-
ferrin [22] – transport from the ERC to the PM most likely involves
also drug-sensitive COPs. Thus, other approaches are required to
clarify the eventual input of Golgi bypass routes to polarized exo-
cytic events that operate e.g. during cell migration, neurite out-
growth, phagocytosis and cytokinesis. Situations involving rapid
or massive membrane expansion require efﬁcient lipid transport
to the PM. Even if endocytic recycling alone may be able to main-
tain the continuous supply of certain protein components for the
build-up of e.g. adhesion sites or synapses [4,69], new proteins
and other functional components are also required for these
events. Indeed, recent studies indicate that proteins that function
in cell adhesion (e.g. cadherins) or motility (e.g. integrins, matrix
metalloproteinase MT1-MMP), are transported to speciﬁc PM do-
mains in a Golgi-independent manner [11,12]. Notably, the forma-
tion of ﬁlopodia is not dependent on Golgi integrity [9], and time-
lapse imaging shows that the polarization and motility of NRK cells
Fig. 3. Role of the IC in biosynthetic-secretory trafﬁcking. According to this model
biosynthetic-secretory trafﬁcking to the PM of mammalian cells divides at the level
of the pericentrosomal IC (pcIC) into two branches. One of the branches (to the left)
joins with the classical pathway via the Golgi apparatus [1], whereas the other
pathway (to the right) involves communication between the central domains of the
two membrane networks – biosynthetic (IC) and endocytic – allowing newly made
molecules to bypass the Golgi [22]. As discussed in more detail in the text, IC-
endosome communication in the pericentrosomal region could involve the forma-
tion of membrane contact sites between tubules (lipid transfer), as well as vesicular
and/or lipid raft-mediated trafﬁcking (protein and lipid transfer). Note the
suggested spatial and functional symmetry of the two membrane networks [78],
and bidirectionality of IC-endosome communication. The three mammalian Rabs
(Rab1, Rab11 and Rab8) of the proposed Golgi bypass route via the PCMS are
denoted to emphasize its similarity to the yeast secretory pathway [12]. A direct
Golgi bypass route from peripheral IC elements towards the cell periphery [10] is
also indicated. The green arrows indicate forward transport steps and recycling
pathways. EE, early endosome; LE, late endosome; ERC, endocytic recycling
compartment. This model depicts a cell in which the pcIC and ERC, which constitute
the PCMS, have separated from the Golgi and moved to the cell centroid (in
adherent cells under the nucleus). The nucleus is shown as a shaded structure and
the centrosome in red.
3808 J. Saraste et al. / FEBS Letters 583 (2009) 3804–3810continues for several hours after the Golgi has been disassembled
by BFA (H.D., M.M., J.S., unpublished data). Golgi-independent traf-
ﬁcking via the PCMS is also likely to play a role in the formation of
the primary cilium, as evidenced by the localization of a GM130-
and ceramide-enriched membrane compartment at the base of this
structure [62].
To understand Golgi-independent trafﬁcking, a major challenge
is to deﬁne the transport machineries that operate in bidirectional
transfer of molecules across the PCMS. If the pcIC and ERC tubules
form membrane contact sites, which molecules make these mem-
branes stick together? In addition, it is important to investigate the
roles of the tethering complexes TRAPPI, TRAPPII, and the exocyst,
which evidently associate with the PCMS in mammalian cells
[8,70]. Another likely PCMS component is Yip1A [71], an integral
membrane protein that functionally links Ypt1 (Rab1) and Ypt31
(Rab11) in yeast [72]. An interesting possibility is that lipid-medi-
ated sorting and trafﬁcking play an important role in the two per-
icentrosomal, tubular networks, whereas the classical, COP-
mediated mechanisms are less important. The BFA-resistant asso-
ciation of pcIC and ERC and their ongoing ability to mediate traf-
ﬁcking when certain membrane-bound COPs have been released
supports this possibility [22]. Where do the lipid rafts form?Notably, both cholesterol and sphingomyelin appear to reach the
cell surface in a Golgi-independent manner, and many proteins
associating with detergent-resistant membrane domains display
the same property [12]. These ﬁndings are in line with the data
suggesting that lipid rafts assemble in the early biosynthetic path-
way [73], supporting the idea that they operate at the pcIC–ERC
boundary.
The model presented in Fig. 3 is highly simpliﬁed, since it is well
known that transport from the ERC to the PM follows different
routes [4,13]. These pathways could be either COP-dependent or
-independent, but clearly involve different GTPases, including var-
ious Rab proteins [4,6,13,74]. Interestingly, recent studies have
implicated lipid raft-mediated ERC-to-PM trafﬁcking in cell motil-
ity and PM expansion [75,76]. Many transport steps between the
ERC and PM involve the exocyst, which interacts with both
Rab11 and Rab8 [17].
The connection of the two membrane networks, the IC and the
endocytic system, at the cell center (Fig. 3) suggests that they
establish an integrated transport system. What are the roles of Gol-
gi bypass pathways in epithelial cells [77]? Does communication
between the IC and endosomes require their concentration to the
pericentrosomal region, or does it also occur in cells, which do
not contain a centralized Golgi apparatus? Could IC-endosome
communication play a role in lumenal acidiﬁcation and the matu-
ration of these compartments as they move from peripheral sites
to the cell center? Does the PCMS operate in protein turnover?
What is its role in mitotic Golgi dis- and reassembly? Identiﬁcation
of the PCMS raises many questions. Hopefully, some of them will
be answered – and the logic of Golgi bypass better understood –
when the functional properties of this membrane system are grad-
ually uncovered.5. Concluding remarks
The introduction of the IC was met with scepticism. For exam-
ple, the possibility was not excluded that the pre-Golgi vacuoles
observed in the Semliki Forest virus-infected cells represent struc-
turally altered transitional ER elements. Subsequent studies clari-
ﬁed that this was not the case, and also ruled out that this
compartment resides at the cis-side of the Golgi. After a quarter
of a century of research on the IC and related topics, a new picture
is emerging (Fig. 3). It indicates that this compartment consists of
both peripheral and central vacuoles, which create a stable, but
ﬂexible tubular system that extends throughout the cytoplasm,
and in many mammalian cells connects with the endocytic net-
work at the cell center. Surprisingly, although the dynamic IC con-
tinuously communicates with the ER and Golgi, it maintains many
of its characteristic features as a transport system even after the
latter has been broken down. Now that the possibility exists that
also yeast cells contain the IC network, it may be timely to inves-
tigate more closely its role(s) in the secretory systems of higher
eukaryotic cells in general.
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